INTRODUCTION
scientific publishing, especially periodical publishing, has been extremely dynamic ever since it began. Journals are the most numerous representatives, varying in the characteristics such as frequency of publication, number of years of issue, editorial policy, types and number of published papers, scope of discipline, peer-review process and popularity. efforts to estimate the number of currently active journals have been the subject of several published papers. the number of journals published increased slowly at first, and there were only 10 scientific journals being published in the mid 18th century [hook, 1999] . de solla price estimated that 100,000 journals would be published between 1665 and 2000 [de solla price, 1961] . the central issN office in paris registered 1,749,971 periodicals up to 2013, but it is difficult to ascertain how many of them are still active. using Ulrich' s Periodical Directory and applying Bradford's law to thomson Reuters citation databases, mabe estimated the total number of active reviewed journals at 15,000-16,000 [mabe, 2003] . By applying similar methodology in their study [Björk, Roos, & lauri, 2008] , the authors arrived at the figures of 23,750 for active peer-reviewed journals, and 1,350,000 papers published in 2006. larsen and von ins compared various research results with their own data collected from analyzing journal growth in various index publications, and estimated the number of active reviewed journals at 24,000. at the same time, they concluded journal growth varies significantly from one field to another and that there has been an increase in other communication channels for publishing papers, such as conference proceedings, open archives and personal websites [larsen & von ins, 2010] . the most popular journal register, the aforementioned Ulrich' s Periodical Directory, currently includes more than 335,000 journals (published by more than 90,000 publishers), of which 28,135 were active, reviewed journals in august 2012 [harnad, 2012] .
the increase in the number of scientific journals has made it difficult for scientists to navigate all this information. By the mid 19th century, the volume of information published meant it was impossible to keep up with everything written [Jones, huggett, & Kamalski, 2011] . this phenomenon spurred the development of index and abstract publications, which condensed information about the large number of published papers. in the past 60 years, computer technology has ensured the rapid development of these publications in digital form, and online databases available online have become an indispensable source of published papers. Nowadays, online databases vary in volume and the range of information provided (bibliographic, full text, citation), data type (text, numeric, multimedia, etc.), the content included (journals, conference proceedings, books, book chapters, dissertations, etc.), the subjects they cover (thematic, multidisciplinary), the extent of the content index (selective, cover-to-cover), and level of access (subscription, open access). the line between various types of index publications, which was clear in the printed age, is becoming increasingly blurred. hyperlinks have enabled index publications to become a part of the global dynamic and viral information space. studies about information behavior are providing evidence of constant changes in the way scientists obtain the information they need [Bates, 2010] , while bibliographic indexing and bibliographic databases are powerful tools that enable the organization of, and navigation through, the huge quantity of scientific research published [Jones et al., 2011] . longitudinal studies of scientists' reading habits showed they depended exclusively on printed index and abstract publications in printed form, tables of contents (toc) and other information systems in 1977. in contrast, in 2005, most scientists (93%) were using "electronic sources", 63% were referring to index and abstract publications in printed form and available online, while 14% were using web search engines such as Google, yahoo, and others [tenopir, King, edwards, & wu, 2009] . some bibliographic databases, especially those with a long history, or maintained by prestigious institutions, enjoy a high reputation among the scientific community, so the selection criteria for including journals are generally accepted and taken to indicate the quality journals and published papers. indexing in popular and reputable bibliographic and citation databases, and citation frequency, are currently important indicators of the visibility and impact of journals. the field of the earth sciences, including geodesy, and the field of geography, including cartography, has changed dramatically over the last two decades, and new disciplines have appeared, influenced by computer technology implementation, showing a high level of interdisciplinarity. "the goal of modern Geodesy is nothing less than to monitor changes in a range of physical processes in the solid earth, the atmosphere, and the oceans in order to improve our understanding of this fragile, precious and stressed planet" [Rizos, 2011] . Because of the complexity of the emerging terminology in this area, for the purpose of this research, the term "mapping science" will be used, which includes surveying, geodesy, cartography, spatial data infrastructures, cadastre, photogrammetry and remote sensing. in mapping science, journals are still the main channel of scientific communication, distributed across various, changing disciplines and often difficult to identify and read.
in an attempt to define the body of mapping, we selected one hundred active science journals publishing the majority of papers in this field. the publishers of selected mapping science journals are in about 30 countries, primarily Germany, the united states, and poland. half the journals are published in english, the official langue of scientific communication, while less than half are available in open access (oa), which ensures free access and the potential use of published research results [Frančula, stojanovski & lapaine, 2012] . the specific characteristics of mapping science journals provided the main motivation for continuing research in this topic, and the research questions in this paper included the following. what is the visibility of mapping science journals based on their indexing in the corresponding thematic, most consulted, multidisciplinary bibliographic databases? how do open access journals affect the visibility of the materials published? how are mapping science journals classified within multidisciplinary databases? is mapping science journal classification aligned with journal scope, and does it contribute to journal visibility? according to our sources, no research papers have been published analyzing mapping science journals in such a comprehensive way.
RESEARCH SCOPE
although more than two-thirds of searches conducted by search engines are done using Google [oclc, 2010] , where scientific publications are concerned, the main source of information is still bibliographic databases produced by various expert associations and commercial companies [tenopir et al., 2009] . most scientific publications are papers published in journals, and the criteria for their inclusion vary from one database to another. most producers of bibliographic databases require basic editorial standards, such as timeliness, international editorial boards, international authors, and so on [Roales-Nieto & o'Neill, 2012], while some databases are concerned with relevance to the field, journal citations, the reputation of the members of the editorial board or authors, and so on. some database producers include all the published papers in a selected journal ("coverto-cover"), while others select papers or types of papers based on the discipline covered by the database, frequently limiting the selection to original scientific and review papers.
inclusion in subject and multidisciplinary databases is certainly an important factor contributing to journal visibility, because researchers rarely visit only one journal's website. depending on the discipline, researchers focus on databases that cover their particular areas of interest well, or multidisciplinary databases that include tens of thousands of journals by several thousands of publishers. all researchers aim to find the simplest, fastest way to get an overview of all papers published in their field, and typically want to be able to filter content according to a variety of criteria, most often qualitative. Furthermore, researchers consider the criteria applied by database producers in selecting journals ensure the quality of the content. therefore, it is important for a journal to be included in as many subject and multidisciplinary databases as possible, in order to improve usage and increase visibility, along with potential citations and journal impact. when selecting a journal in which to publish their papers, researchers also consider the journal's reputation, especially regarding tenure and promotion decisions [caron, Roche, Goyer, & Jaton, 2008]. in many academic communities, the quality of papers written by a researcher or employee is evaluated according to the estimated quality of journals in which they are published, and journal indexing and citation in particular databases is considered a significant journal quality criterion.
in spite of the rapid development of mapping science and the relevance of these issues to all scientists, not much research has been published in this field. one of the most recent papers addresses identifying and evaluating the GI Science journal by applying the delphi method [caron et al., 2008] . an overview of some cartography and Gis journals in english was compiled by david y. allen, specifically concerning open-access trends and the historical development of some cartographic journals [allen, 2005] .
METHODOLOGY
in a previous study [Frančula et al., 2012] , we considered mapping science journals to be those that are active, have an international standard serial Number (issN), and include content covering at least one branch of mapping science, based on the official classification of scientific areas, fields, and branches ["croatian ordinance on scientific and artistic areas, fields and branches, " 2009], which places mapping science within the technical sciences and includes the following branches: cartography, photogrammetry and remote sensing, maritime, satellite and physical geodesy, applied geodesy and geomatics. all mapping science journals that did not publish any issues in 2011 and 2012 were considered inactive and were excluded from the body of mapping science journals. using this methodology, 105 mapping science journals were selected. to make the list of journals more accurate, for the purposes of this research, seven additional mapping science journals were added that did not satisfied the criteria defined in the previous research or that were unavailable at the time. (GS) , and recorded the number of papers. we searched by "source title" in Scopus, by "publication Name" in WoS, and by "Return articles published in" in an advanced search of GS. categories of data for individual journals were taken from Scopus (Subject Area) and WoS (Web of Science Categories). the Current Contents database was included in the research due to its popularity in the croatian research community, as some disciplines consider journals indexed by Current Contents better than those indexed in WoS, because they are subject to more rigorous criteria set by the thomson Reuters editorial board. the data concerning indexing were not taken directly from the journal's description, because they often proved outdated or incorrect, including cooperative library catalogues, tools for distributed searching and other irrelevant data.
For each journal, we recorded its title, issN, publisher, country of publication, open access (oa) status and indexing data (appendix 1). data on language, the scientific fields covered by the journal (journal scope), its subject area within Scopus, and WoS and the number of papers in Scopus, WoS, and GS were also collected for each journal and included in the analysis. data were collected from 1 april to 20 July 2013. the limitations of this research primarily concerned the inability to search GS accurately. although GS Advanced search enables searching by journal title, it is not possible to search by issN and consult the list of journal titles in GS, which made it impossible to obtain results for journals with the same titles (the polish and lithuanian journals Geodesy and Cartography and the indian and chinese publications Journal of Geomatics). we managed to identify the lithuanian journal in GS by its previous title Geodezija ir kartografija. the journals Globe and Coordinates were impossible to identify by searching a huge number of publications with "globe" or "coordinates" in their titles. while searching, issues arose with journal titles including special characters, and were addressed by conducting multiple searches. we also detected transliterations of nonenglish journals titles, and obsoleteness of key data such as journal title, publisher, and issN in certain databases. most databases do not contain functional data on changes in journal titles, which would provide unifying data for journals that have changed their titles. as a result, we used the journals' current titles.
INDEX PUBLICATIONS FOR THE FIELD OF MAPPING SCIENCE
the relevant index publications for the field of mapping science are primarily subject-specific databases, which cover this particular subject very well. they also include discipline-specific databases which include disciplines associated with mapping science, as well as general interest databases, which include all scientific areas.
GEOPHOKA (GEOdäsie, PHOtogrammetrie, KArtographie) is a bibliographic database which records papers from all fields of mapping science. it can be found at the German Federal agency for cartography and GEOBASE (elsevier) is a multidisciplinary database which indexes about 2,000 international serial publications covering current research focused on developmental research, geoscience, ecology, geomechanics, physical geography, demogeography and oceanography. GEOBASE contains about 2.1 million bibliographic entries, ranging from 1973 to the present day. its particular characteristic is good coverage of literature in languages other than english, and other types of publications, such as books, proceedings and reports.
GeoRef is produced by the american Geosciences institute, and includes 3.4 million entries dating from 1933 to the present day. GeoRef is a bibliographic database focused on geosciences: areal geology, economic geology, engineering geology, environmental geology, extraterrestrial geology, geochemistry, geochronology, geophysics, hydrogeology and hydrology, marine geology and oceanography, mathematical geology, mineralogy and crystallography, paleontology, petrology, seismology, stratigraphy, structural geology, and surficial geology. GeoRef includes all the publications of the u.s. Geological survey, papers from 3,500 journals in 40 languages, and books, maps and reports. the GeoRef indexing policy is selective, including only papers associated with geology and related sciences.
Inspec is produced by the institution of engineering and technology (iet) and includes more than 13 million entries associated with physics, astronomy, electrical engineering, electronics and computer science. papers for this database are selected from 5,000 journals, 1,600 of which are indexed cover to cover, and 2,500 conference proceedings, books, reports, dissertations, etc.
Ei Compendex (elsevier) is focused on engineering and related fields, and it includes 5,600 journals and 2,500 proceedings. more than 15 million entries range from 1970 to 2013, and the publications included come from more than 64 countries. these top five areas branch out into 250 disciplines.
Current Contents (CC) produced by Thomson
Reuters was well known in its weekly printed version published by the institute of scientific information (isi), featuring the latest information on papers from the most prominent journals. it has lost popularity in the digital age (integrated with wos), but it is still very popular in croatia, due to its more rigorous selectiveness, and is considered to include the most relevant scholarly journals from all scientific fields. the database currently includes about 9,500 journals, all of which are also included in the wos database. were not included in any of the databases analyzed (Fig. 1) . [1979] [1980] [1988] [1989] [1990] [1991] [1992] [1993] [1994] , ACSM Bulletin (1989 Bulletin ( -1996 , Caert Thresoor (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) , Geodeticky a kartograficky obzor (1978) (1979) (1980) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , Geodezia es Kartografia (1979 Kartografia ( -1981 Kartografia ( , 1988 Kartografia ( -1989 Kartografia ( , 1991 Kartografia ( -1992 Kartografia ( , 1995 Kartografia ( -2007 , Geodezija i Kartografija (1979), Kart og plan (1978) (1979) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , Nachrichten der Niedersächsischen Vermessungs-und Katasterverwaltung (1978) , Photogrammetric Journal of Finland (1978 Finland ( -1979 Finland ( , 1982 Finland ( , 1984 Finland ( , 1986 Finland ( , 1989 Finland ( -1992 websites, as well as the strong influence of printed version of journals, manifest in the formats of digital versions of journals which have not been adapted for online use. Regarding journal language, it could be seen that Scopus also indexes many journals which publish papers in languages other than english.
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categorizing mapping science journals within the subject categories assigned in citation databases like WoS and Scopus does not contribute to their visibility. the interdisciplinary nature of mapping science journals results in their dispersion among numerous subject categories in applied classification schemes. a comparison of the subject areas assigned to journals by database indexers with the subject areas which editorial boards communicate to potential authors,
indicates that database administrators should certainly consult journal scope when attributing subject areas. in addition, using a unified subject designation such as "mapping science" would facilitate finding mapping science journals. assigning subject categories at the level of papers could also provide higher visibility for research in this area, as well as enable better bibliometric studies.
Future research will focus on the analysis of metric indicators of the body of mapping science journals, including Journal impact Factor (JiF), scimago Journal Rank (sJR), sNip, eigenfactor score, h-index, etc., as well as altmetrics indicators. in addition, mapping science journals will be compared with journals from other disciplines, in order to observe their characteristics and specifics. n 
